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CONFORMAI, CATHFTFtt 

RELATED APPLICATIONS 

This application claims the benefit of U.S. Provisional Patent Applications no 
60/034,703 and 60/034,704, filed January 3, 1997, which are assigned to the assignee of the 
5 present patent application and incorporated herein by reference. 

FIELD OF THE INVENTION 

The present invention relates generally to cardiac diagnostic and therapeutic systems 
and specifically to invasive medical probes that may be used to map the interior surfaces of the 
heart. 

1 0 BACKGROUND OF THE INVENTION 

Position-responsive cardiac catheters are known in the art. Such catheters are generally 
inserted percutaneously and fed through one or more major blood vessels into a chamber of the 
heart. A position-sensing device in the catheter, typically near the catheter's distal end gives 
nse to signals that are used to determine the position of the device (and hence of the caiheter) 
relative to a frame of reference that is fixed either externally to the body or to the heart itself. 
The position-sensing device may be active or passive and may operate by generating or 
receiving electrical, magnetic or ultrasonic energy fields or other suitable forms of energy 
known in the art. 

U.S. patent 5,391,199, which is incorporated herein by reference, describes a position- 
responsive catheter comprising a miniature sensor coil contained in the catheter's distal end 
The coil generates electrical signals in response to externally-applied magnetic fields, which are 
produced by field-generator coils placed outside the patient's body. The electrical signals are 
analyzed to determine three-dimensional position coordinates of the coil. 

PCT patent publication number WO96/05768, filed January 24, 1995, which is assigned 
to the assignee of the present application and whose disclosure is incorporated herein by 
reference, describes a position-responsive catheter comprising a plurality of miniature 
preferably non-concentric sensor coils fixed in its distal end. As in the 5,391,199 patent' 
electrical signals generated by these coils in response to an externally-applied magnetic field are 
analyzed so as to determine, in a preferred embodiment, six-dimensional position and 
30 orientation coordinates of the coils. 

Multiple position-sensing devices may be placed in a known, mutually-fixed spatial 
relation at or adjacent to the distal end of a catheter, as described, for example in PCT patent 
application no. PCT/IL97/00009, which is assigned to the assignee of the present application 
and whose disclosure is incorporated herein by reference. This application describes a catheter 
35 having a substantially rigid structure at its distal end, to which one or more position sensors are 
fixed. The sensors are used to determine the position and orientation of the structure, 
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sub^M^ T * maPPi " S eleC,rica ' ac,W,y ,he hea " Mhou s h «•»- « * 

ubstantially ngid, the remainder of the ca.he.er is generally flexible, and .he position sensors 
Lcte C ° 0rdini " e inf0mia ' i0n re8ardinS ^ POi " tS ° n ' he Catheter P roximal '° *• 

PCT publication WO95/04938, which is also incorporated herein by reference, describes 
a miniature magnetic field sensor coil and method of remo.ely de.ermining ,he coil's location 
The sensor cod may be used to determine .he spatial configuration or course of flexible 
endoscope withm ,he body of a subject in one of two ways: (I) By passing the coil through an 
^ " ° * he endOSC °^ for «. *» endoscope, biopsy tube, and externally 

2^ t r r"° n Whi ' e e " d0SC0Pe " S,ali °"^ °' W B ? di ^ting a 
pi rdity of e cods, preferably abou. a dozen, a.o„g the length of the endoscope 1 

determining all of the coils' locations. The position coordinates determined with respect to each 

location of the coil (when a single coil is used) or .„ all .he coils (when the plurality of cods are 

used) are taken ,oge.her ,o interpolatively reconstruct the spatial configuration of the 

endoscope wrthm the intestines of the subject, for example, and thereby estimate the 

corresponding spatial configuration of the intestines. 

The accuracy of this endoscope in estimating the spatial configuration of the intestines 
depends on having a relatively large number of position measurements and/or of coils. Passing 
the co, (or other sensor element) through a lumen in the endoscope is time consuming and 
physically ^ practical for use in .bin ptobes, such as cardiac catheters that must be passed 
through b ood vessels. Using a large number of coils, however, undesirably increases the 
weight and cost of the catheter and reduces its flexibility. 

US. paten, 5,042,486, whose disclosure is fiirther incorporated herein by reference 
describes a method of .ocating a ea,he,er within the body of a subject, generally within a blood 
vessel, by tracking the position of an electromagnetic or acoustic transmitter or receiver in the 
hp of the catheter. The position readings are registered with a previously acquired X-ray image 
of the b ood vessel. This method is practical, however, only when the catheter is moving within 
a vesse or other physiological structure that defines a narrow channel within which the 
catheter s movement is constrained. 

PCT publication WO 92/03090, whose disclosure is also incorporated herein by 
reference, describes a probe system, such as an endoscope, including sensing coils mounted at 
spaced positions along the probe. An array of antennas in a vicinity of the probe are driven by 
AC e ectncal s.gnals, so as to induce corresponding voltage signals in the sensing coils These 
s.gnals are analyzed to determine three-dimensional coordinates of the coils. The locations of 
potnts along the probe, intermediate a pair of the sensing coils, may be determined by 
interpolation between the respective coordinates of the coils. 



2 



PCT/IL97/00448 



SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a flexible catheter, for insertion into a 

r " t ° f 3 Wh6rein the Cathet - curves to conform to an inner surface of 

he cavity, and the course and/or position of the catheter within the cavity are determined using 
sensors fixed to the catheter. B 

It is a further object of the present invention to provide a method of determining the 
course of the catheter within the body. g 

In one aspect of the present invention, the course of the catheter may be determined 
wttta body cavmes, ,„ which the catheter is free to move in three dimensions, and no. only 
within constraining lumens as in the prior art. 

ch k 11 1' r th u r ° bjeCt ° f PreSCnt inVCnti0n ' t0 Pr ° vide catheters for i^rtion into a 
chamber of the subject's heart, for purposes of diagnostic mapping and/or therapeutic treatment 
in he .ntenor of the chamber, along with methods for determining the course of the distal end 
of the catheter inside the heart chamber. 

It is still a further object of the present invention to provide a method of therapeutic 
treatment of the heart using the catheter. 

In preferred embodiments of the present invention, a flexible catheter, having a distal 
end for insertion into a cavity within the body of a subject, comprises first and second position 
sensors, fixed ,n a known relation to one another and to the distal end. The position sensors 
generates signals responsive to position coordinates thereof. The position-responsive signals 
are processed jointly to determine the positions of a plurality of points along the length of the 
catheter, inside the subject's body. 

Most preferably, at least one of the position sensors comprises a plurality of magnetic- 
field-responsive coils, as described in the above-mentioned PCT publication WO96/05768 
which enables six-dimensional position and orientation coordinates of the sensor to be 
determined. The other of the position sensors preferably comprises a similar plurality of coils 
or, alternatively, it may comprise a single coil, as described in the above-mentioned 5 391 199 
patent. Further alternatively, any suitable position sensors known in the art may be used such 
as electncal magnetic or acoustic sensors, as long as the three-dimensional position 
coordinates of both the sensors and the three-dimensional orientation coordinates of at least 
one of the sensors can be determined from the sensor signals. The coordinates of the first and 
second sensors are determined and taken together with other, known information pertaining to 
curvauire of the catheter intermediate the first and second sensors, as will be described below 
to find the positions of a plurality of points along the length of the catheter in a vicinity of the 
tirst and second sensors. 

In preferred embodiments of the present invention, the catheter is fed forward into a 
cavity of the body, for example, a chamber of the heart, the portion of the catheter intermediate 
the first and second position sensors is pressed against an inner wall of the cavity Preferably 
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the ca.he.er includes, along its ,eng.h, one or more comae, sensors, for example pressure or- 
proximity sensors, as are known in .he art, for verifying that the catheler „ in J^ZZZ 
aifficently c ose proximity ,o .he wall. The known coordina.ea of .he firs, and second ptafe 
ensors are .hen taken ,„ g e.her wi,h known fea.ures of .he internal topography of .he X o 
de.erm.ne the culture of the ca.he.er and .he positions of .he piura i.y o poin. hZll 
The topographic, features may he known, for example, based on J££Z 

n fl, art. Preferably, the catheter is construed so as .o exert a generally uniform force per 
um length agams. ,he inner wal, of the cavi,y, s0 that in delernlirang £ mrv JZZ 
catheter, deformation of the wall is assumed to be minimized 

In some preferred embodiments of the present invention, .he ca.he.er includes one or 

^ S ' 8 " pr ° cessed 10 determine a radius of ~» °f 

WB* T "! ln US ' Pate " Won no. 

60/034,703, which ,s assngned ,o ,he assignee of .he presen. paten, app.ica.ion, and whose 

dKdoaure is herein by reference. The radius of _e thus de.ermi„ed is u*d 

m finding .he positions of the plurality of points along .he ca.he.er 

In some preferred embodiments of .he presen. inven.ion, the ca.he.er includes 
~* «* electrophysiological sensing elecrodes, spaced along 

length. These sensors are preferably uaed ,o generate a map of physiological activity as a 
fi.nct.on of position within the body cavity. y 

In further preferred embodiments of the present invention, the catheter includes 
hercpeuuc devces a, some or all of the plurality of poin.s along i.s length. In one fta 
prefeaed embod,me„, s , for example, .he ,herapen.ic device, comprise RP ablation eleJT 

STu" t a ' 0nS • dBired ^ agai " St e " d ° CardiUm * 

.tl "hi p rr ; d bend ^ and are ,hen «*- <° ^ — 1* 

th, pa,h. Th,s me.hod can be used in ,rea.ing various conduction defects within the heart 

^. performing w procedures - as are k ™ h - «. «* **s « 

Preferably, such .herapeulic methods using the catheter are preceded by mappinn ,he 
m tenor of the body cavity, such as the chamber of the heart, using eL physio ogi" 

sensors, may then be reg.s,ered with a map of the cavity, so as to ensure that the therapy is 
administered along the desired path. me tnerapy ,s 

In «** Preferred embodiment, ,he RF ablation electrodes also serve as 
electrophysiological sensing elecrodes when they are no. being used for tissue ablation The 
agnals reccved from the electrodes are preferably analyzed and used to map electrical activity 
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«i «„r or ,o ascenain that ,he e, ~ - -* « >** 

with r2f e 7^ emb ° dimemS ° f PreSen ' inVemi0n are «T described herein 
wrth ref ren Ce t0 t ^ ^ „ wj „ be 

•hey embody may be similarly applied ,o ca.ne.ers, or ,o o.her probe, having a larger" 
of poamon sensors. Preferabiy, however, ,he n„ m ber of such sensors is heid to the mnm m 

I^JrTZ ^ ^ ° f <"°" »f the Plura,i.y of poin, 2 h e 
length ° *e ca.he.er, generally along .he portion of ,he ca.he.er adjacen. ,he distal end .hiof 
It wdl also be appreciated ,ha, al.hough .he preferred embodiments described herein 
make reference ,o ca.he.ers, and particularly ,o intracardiac ca.he.er, i. will be appreciated ma. 

robes s ^ H PreMm mi ° n ^ Similarly bC aPP ' ied t0 °' hCT W" °f flexible — ^ 
probes, such as endoscopes. 

invent iS ' heref r P^0Vided • " aCCOr *" We W " h 3 Preferred erabodi ™"< °f >he Ptesen. 
invention, invasive probe apparatus including: 

andincludl?' 6, e '° n8a ' e ^ ^ * *" " " ^ in '° «* ^y of a subject. 

firs, and second position sensors, fnced in a known relation to the distal end 
which generate signals responsive to position coordinates thereof and 

a. least one comae, sensor along a radial surface thereof, which generates 
signals responsive lo comae, of the radial surface with a surface inside the body and 
stgnal processing circuhry, which receives the position-responsive and comae.- 

2 , T T ^ Pr ° CeSSeS ,hCm '° de,e ™ ne ' he '° Cati O" s of » » of points along 
•he leogft of a portion of.be probe in a vicinity of the firs, and second position sejors 

• . 15 ^ PrOVidad - aCC ° rdanCe an °' her <"° tmei embodiment of the 
Pr^en. .nvenuon, a method for de,ermi„i„g ,he course of an elongate, flexible probe inside the 
body of a subject, including: 

bringing ,he probe into comae. wi,h a surface inside the body having known 
topographical fealures, along a portion of. he length of .he probe; 

finding position coordinates of firs, and second poinls on me portion and 

.he firsZr ennS H he C0, " 5e ° f P0, " 0n ' he fea,UreS - USi "« ,he ^on coordinate of 
me nrst and second points. 

«. , There iS additi0na " y Pr ° Vided - aCCOrdanCe with a " refCTred '"oodimen. of ,he 
present mvenhon, a method for mapping electrical activity in .he heart of a subject, including- 

inserting an elongate, flexible probe into the heart; 
above- ^ ermininS 00 "" ° f ' he pr0be inside the hM "> wording ,o the method described 
receiving electrical signals from heart tissue adjacent to the probe. 
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Moreover, in accordance with still another preferred embodiment of the - present 

^rLLt; pr " ded a method for invasi - — ~ -r; 

inserting an elongate, flexible probe into the heart 

above; Z"™"* ^ "** *"* "* ,0 ,he m « hod 

ablating heart tissue adjacent to the probe. 

The present invention will be more fully understood from the following detailed 
descnpnon of the preferred embodiments thereof, taken together with the drawings in which 
BRIEF DESCRIPTION OF THE DRAWINGS 

orefe IV ^T* illUStrati ° n ° f * ^ Catheter - accordance with a 

preferred embodiment of the present invention; and 

Fig. 2 is a schematic, partly sectional illustration showing the catheter of Fig 1 inserted 
into a human heart, in accordance with a preferred embodiment of the present invention. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Reference ,s now made ,o Fig. 1, which schematically illustrates a conformal catheter 
2 , ,n accordance a preferred embodiment of the present invention, inserted into the heTrt 
of a subject, and a proximal end 24, which is coupleo ,o a control console 26 

Adjacent ,o distal end 22. catheter 20 includes a firs, position-sensing element 28 and 
proxtma, thereto, a second position-sensing element 30. Elements 28 and 30 define a energy 

tz r:r 40 : c ca,he,er 20 ,herebetwecn «* ° f *— i -r 
z^r v r y """^ non - concentric «* * » pct » 0 „ 

WO96/05768, wh,ch generate signals responsive to magnetic fields applied by field generators 
32. These s,gna,s are conveyed via wires 34 to signal processing and computing circuitry 3^ 

Zt 36 r Pr r bly PTOVideS ""* — - ~ 3 

C. cunry 36 analyzes the stgnals, as further described in the PCT publication in order to 

de.erm.ne the s«-dimensiona, translation, and orientationa, coordinates of eleme ,s 28 and 
m relatton to a frame of reference established by generators 32 

_ Fig. 2 schematically illustrates the insertion of catheter 20 into right atrium 62 of a 
human heart 60 in accordance with a preferred embodiment of the present inventio Th 

"'Jin" ° f 20 " de,ermined * ' he <*- - 

II T a8a,nS, WhiCh ^ " ° r0U8ht '° be "' in «P— <° -*> f°rce 
exerted from the proximal end of the catheter. 

nreferaJ!l ShaPe T ~" 64 3 ° 0un ' ° f POr,ion 40 <"e wall are 

P*ferab,y known ,„ advance of inserting catheter 20 into atrium 62. The shape and desired 

course may be denved from images of heart 60 acquired by any means Known in the art, su* 
» ultrasound X-ray, or other imaging modality. Alternatively, the shape and desired course 
may be found by mappmg ,he interior of heart 60, as described in the above-mentioned PCT 
PCT/IL97/00009 or in U.S. paten, application no. 08/426.200, filed June 7, 
W5, wh,ch are asagned to the assignee of ,he present invention, and whose disclosures are 
neorporated herein by reference, or by other mapping methods Known in the art ZZ 
d_a. posttion coordinates of elements 28 and 30 and three dimensional orientation 
of a, leas, one of the elements are determined and are referred to the known sh^e 
m order o ascertam that portion 40 of catheter 20 is arrayed along the desired course i 
comae, w,th wall 64. Preferably, portion 40 is sufficiently and homogeneously flexible Z I 
exert a umform force per uni, lenglh agains, wall 64 Thus, in delermining ,he curvature of ,he 
portion, deformation of the wall is assumed to be minimized. 

^ K,^? 8 a8ah '° F ' 8 Ca " ,e,er 20 Preferably mcIude s optional pressure sensors 70 
and ablatton electrodes 72 (which are omitted in Fig. 2 for clarity). The output signals of 
pressure sensors 70 are coupled via wires 34 to signal processing circnitry 36, which analyzes 

12? Z whe,her catheKr 20 is in con,aa alons ,he Nt* ° f P°« i0 » «° 

wall 64. If ,he output signals of all of severs 70 indicate that the sensors are a. roughly equal 
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respecttve posnive pressures, due to force exerted between portion 40 and wall 64, it can then 
e assumed that portion 40 is conforming to the shape of the ^ which ^ ^ 
determmed as described above. Proximity sensors or other sensors known in the art may be 
used ,n place of pressure sensors 70. It win be understood that there may be a greater or lesser 
number of pressure sensors or other sensors on catheter 20 than the three sensors 70 shown in 
Fig. 1, or no such sensors at all. 

of cart, ?f J :' e ° ,r0deS 72 ^ " e " erSy ' ^ ' he C0Mrol of * «• °'"er user 

of catheter 20, from console 26 via wires 74, so as to ablate a row of desired sites that are 

adjacent to the electrodes on wall 64. Catheter 20 may include more or fewer ablation 
erodes 72 than the six electrodes shown in Fig. ,, or no ablation electrodes. Other 
devices, known in the art, may also be used. 

Pressure sensors 70 and ablation electrodes 72 on catheter 20 are usefttl in performing 
u ed ' h 7 Mt 7 r0Mdures F ° r » oa.he.er 20 as shown in Fig, 1 and 2 may be 
used to perform a 'maze" procedure, known in ,he art for treatment of atrial fibrillation <AF) 

irrr ? present inven,ion ' ,he p ^ - «— «• ^ 

,t h T, „ be ab ' a,ed ° rder '° ^ abn0nral «—*- P"hs 

he heart ussue tha, cause AF. Catheter 20 is inserted into heart 60 and portion 40 thereof is 

posmoned along thts course, in contact with wall 64, as described above. Electrodes 72 are 

I" TTT abUte eMire Simu1 ™* ™* Breater speed and accuracy than 
are afforded by present methods of performing ,he maze procedure. Multiple courses may 

Z ^ • POr,i0 " 40 ° f Ca,he,CT 20 "W be positioned and operated to 

ablate each of the courses in succession. 

In other preferred embodiments of the present invention, sensing electrodes may be 
used ■„ p ace of ablatton electrodes 72, in order to map electrical activity within the heart .issue 
A map of the mtertor of heart 60 that is generated using this method may then serve to guide 
therapeutic procedures, such as the "maze" procedure described above 

Mm f I™ 1 * s P<*ng, while .he preferred embodiments of the present invention have 
been descrtbed herein with reference to two position-sensing elements 28 and 30 it will be 
appreciated ,ha, for some applications, catheter 20 may preferably comprise a greyer number 
of posmon sensors and/or of bend sensors. Such additional sensors may be particularly useful 
when . .ponton of .he length of ,he ca.he.er mus, be tracked within a convoluted passage or 
when tine catheter is brought «o bear agains, and is desired to conform «o a convoluted surface 
vntitm a body cavi^ Preferably, however, the number of such sensor, is held to the minimum 

L T aCCUraCy ° f *•"»*"*» of the plurality of points along the 

length of the catheter. 

Furthermore, in other preferred embodiments of the present invention, other devices 
and methods may be used to determine the curvature of portion 40 of catheter 20, for example, 
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as described in the above-mentioned U.S. provisional patent application no. 60/034 703 and 
incorporated herein by reference. ' 

It will be appreciated that although the preferred embodiments described above make 

aoZT t0 t ; traCardia ! Cath6ter 2 °' the ^ the present invention may similarly be 

Mo o er types of catheters, as well as other flexible medical probes, such as endoscopes 
It wdl also be appreciated that the preferred embodiments described above are cited by 
way of example, and the full scope of the invention is limited only by the claims. 
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CLAIMS 

1. Evasive probe apparatus comprising: 

comprising"^' e ' 0n8a,e Pr ° be ' ha ™ 8 3 diS,a ' °* inSerti °" in '° ^ ° f « 

first and second position sensors, fixed in a known relation to the distal end 

whtch generate stgnals responsive to position coordinates thereof and 

at least one contact sensor along a radial surface thereof, which generates 

stgnals response ,o contact of the radial snrface with a surface inside the body and 

signal processing circuitry, which receives the position-responsive and contact 
response , s and them , o ^ ^ ^ ^ P 0 « 

the length of a portion of the probe in a vicinity of the firs, and second position sensor, 

L, one ZTZ r r<ling '° C ' aim ' • Wherei " " le3S ' °" ° f ' he "° silion — ' a. 
leas, one cot., wh,ch generates signals responsive to an externally-applied magnetic field 

3. Apparatus according ,o claim , , wherein the signal processing circuitry determines six- 
dtmenstonal position and orientation coordinates of at leas, one of ,he position sensor. 

4. Apparatus according to claim 1, and comprising a bend sensor. 

JroxJmi" ^ '° ^ '• Wherei " * 31 ~ — — ' — *« ■ 

7. Apparatus according to any of the preceding claims, and comprising an ablation device 
disposed along the length of the portion of the probe. 

Lrode p r t rr ,rd 7, , ° ciaim 7 - wherein ,he abia,bn de ™ e «■**» « ■«« « 

electrode, radially disposed along the length of the portion. 

9. Apparatus according to claim 8, wherein the at least one RF electrode comprises a 
longitudinal row of electrodes. comprises a 

10. Apparatus according to any of claims 1-6, and comprising a physiological sensor 
disposed along the length of the portion of the probe. 

1L, A me,h0d de ' ermi ° ing ^ ^ ° f " d0 " gate ' <to * b P robe *e body of a 
subject, comprising: J 

bringing the probe into contact with a surface inside the body having known 
topographs! features, along a portion of the length of the probe; 

finding position coordinates of first and second points on the portion; and 
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12. A method according ,o claim I ,. and comprising determining the .ocations of a plurality 
of potnts along the length of «he portion of the probe, in contact with the surface 

13. A method according ,o claim 1 ., wherein finding position coordinates comprises findi„ e 
six-dunensiona! translation and orientation coordinates. 8 

14. A method according ,o claim 1 1, wherein registering the course of the portion with the 
features compnses measuring a bending angle of the probe. 

probe on Itrf * T "' C ° mPriSing * • * 'he 

probe on the surface so as to venfy the registration of the course of the portion of the probe 

'he J££ T*? " t"™ " ' COn "" iSin8 meaSUri " S » T <* » along 
If thXbt ' '° * e 50 " '° ^ "* <*«■» -rse of L portion 

.he surface r o r di " S 10 T f C ' aimS * M6 ' b ™ 8 "» — wi'" 

h r«r 0 f ? ! tt 8,ns ,ne probe in, ° c ° mac ' * ° f ■ ^ of 

.he hear, of a subject, and wherein registering the course of the probe with the feamres 
compnses regtstering the course of the probe with the features of the Jail. 

A method for mapping electrical activity in the heatt of a subject, comprising- 
inserting an elongate, flexible probe into the heart- 

17; and determini " 8 ' he of "* **» «» heart, according to the method of claim 
receiving electrical signals from heart tissue adjacent to the probe. 

19. A method for invasive therapeutic treatment of the heart of a subject, comprising- 
inserting an elongate, flexible probe into the heart; 

17; and detem,ining ' he C0Ur5e 0f ,he inside the heart, according ,o ,he method of claim 

ablating heart tissue adjacent to the probe. 

30 ^ A 3CC0rdinS t0 19 ' Wh6rein aWating heart tissue prises ablating tissue 

30 at a row of sues longitudinally disposed along the course of the probe. 

21 A method according to claim 20, wherein bringing the probe into contact with the 
features composes bending a portion of the probe into a non-linear shape against th Tells 
and wherem ablating tissue at the row of sites comprises ablating tissue a sitfs di^dtT 
linear mutual orientation along the bent portion of the probe 



18. 

20 
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2Z A method according ,o claim 19. and comprising receiving elearical signals from the 
heart tissue adjacent to the probe. 

». A method according .0 claim 22, wherein receiving ,he electrical signals comprises 
recetvrng s ,g„a,s from electrodes tha, are used in ablating the hear, tissue adjacent ,0 the prT 
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